Studies in Drosophila suggest that receptor-tyrosine phosphatases are key regulators of neural development, however little is known about their expression or function in the nervous system of vertebrate embryos. In this report, we describe the expression pattern of RPTPg during early chick embryogenesis. Transcripts are largely restricted to the developing nervous system including oculomotor, trochlear and branchiomotor populations but are absent from spinal motor neurones. RPTPg is also detected in cells in the positions of hindbrain reticulospinal neurones, spinal commisural neurones and in cells with neuronal morphology in the ventral diencephalon. Within the peripheral nervous system transcripts are found in neuroblasts delaminating from epibranchial placodes and subsequently in placode-derived cranial ganglia. Outside the nervous system expression is detected in somites and transiently in the second branchial arch and the cranial mesenchyme. q
Results and discussion
Activation of second messenger pathways by transmembrane receptor tyrosine kinases (RTKs), such as Eph proteins and the receptors for ®broblast growth factors, platelet-derived growth factors and neuregulins, regulates multiple aspects of protostome and deuterostome development. In consequence, their transcript distribution in the embryo and their developmental functions have been wellstudied. By contrast, much less is known about both the patterns of expression and roles of their functional counterparts: the receptor tyrosine phosphatases (RPTPs).
More than 75 tyrosine phosphatase genes have now been identi®ed and many of these have characteristics of transmembrane receptors (see Stoker and Dutta, 1998 , for review and references). Recent studies in C. elegans have con®rmed that one function of R-PTPs is to antagonize receptor tyrosine kinase signalling. The RPTP, Clr-1, functions to inhibit signalling by the FGF receptor-related RTK, Egl-15, to regulate the migration of sex myoblasts (Kokel et al., 1998) . Surprisingly, studies of RPTP expression during early vertebrate embryogenesis to date are limited to a single study of RPTPA in Xenopus (Yang and Friesel, 1998) . However, at later developmental stages they have been implicated in formation of the retinotectal projection (Ledig et al., 1999; Johnson and Holt, 2000) . The latter ®nding is of particular interest since studies in Drosophilahave implicated RPTPs in axon guidance and fasiculation (reviewed by Stoker and Dutta, 1998; van Vactor, 1998a,b) . Here we report the distribution of mRNA for RPTPg , a type V RPTP which exists as both transmembrane and secreted isoforms (Shintani et al., 1997) , during early development of the chick embryo. We show that it is predominantly expressed within the developing nervous system, although transcripts are detected in certain non-neural tissues.
We examined RPTPg expression from gastrulation to limb bud stages of chick development. Low levels of RPTPg transcripts were ®rst detected associated with the primitive streak at gastrulation and neural induction stages (Fig. 1A,B) . At the onset of somitogenesis higher apparent mRNA levels were detected associated with the segmental plate and newly-formed somites (Fig. 1C±F ). Expression persisted in somites during later stages of development with transcripts being particularly abundant in recentlycleaved, undifferentiated somites (Fig. IF) . In older embryos, transcripts became restricted to the somitic dermamyotome ( Fig. 2N,P) .
Within the developing neural tube, RPTPg was ®rst and Hamilton, 1951) individual cells located adjacent to somites 1±3 strongly expressed RPTPg transcripts. These cells had large cell bodies and were located at the pial surface of the neural tube and thus were presumably neurones. By HH10 (9s) their extent encompassed a domain extending from rhombomere (r) 6 to somite 4 ( Fig. 2A,B) . RPTPg positive neurone-like cells appeared in r4 and r5 at HH11 and in r2 at HH12 (Fig. 2C and data not shown).
In older embryos, patterns of expression in hindbrain and spinal cord became distinct. Within the hindbrain, the cells expressing RPTPg were both located within the rhombomeric boundaries (Fig. 2D±G ) and within the bodies of rhombomeres, where they formed a dorsal, a medial and a ventral longitudinal stripe extending from r2 posteriorly (Fig. 2E) . In situ hybridization combined with immunostaining for the Islet-1/2 (Isl-1/2) protein (used as a marker for motoneurones; Thor et al., 1991) revealed that the ventrally located stripe in the hindbrain, expression in ventro-anterior rl (trochlear motor nucleus, RPTPg -positive from HH17) and in the midbrain (oculomotor nucleus) corresponded to cells of the developing motonuclei of the cranial nerves (Fig. 2G±K and data not shown) . However, double labelling showed that only a subset of Isl-1/2- expressing motoneurones in rhombomeres 2±6 were also RPTPg -positive (Fig. 2K and data not shown) . Dorsally in the hindbrain, cells expressing RPTPg also expressed CRABP1 suggesting that they were reticulospinal neurones (Fig. 2L,M) .
By contrast, motoneurones in the spinal cord did not express RPTPg (Fig. 1N) , rather transcripts were initially con®ned to a subpopulation of CRABP1-positive commisural neurones (Fig. 2O±Q) . In older embryos, cells in the mantle layer having the location of interneurones and neurones located between the motor pools and¯oorplate also expressed RPTPg (Fig. 2R) .
Within the forebrain expression was ®rst observed in the forming diencephalon at HH131 in a few ventrally-located cells just anterior to the midbrain border and these increased in number as development progressed (Fig. 2S,T) .
Within the peripheral nervous system, transcripts were ®rst detected in cells apparently migrating away from the epibranchial placodes at HH21 and therefore presumably neuroblasts of the presumptive placodal sensory ganglia ( Fig. 2W and data not shown) .
Outside the nervous system, RPTPg mRNA was observed transiently in the ectoderm of the presumptive second branchial arch and in cranial mesenchyme adjacent to midbrain and diencephalon (Fig. 2U,V) .
Materials and methods
Embryos were staged according to Hamburger and Hamilton (1951) and situ hybridization and sectioning was performed as described (Shamim et al., 1999) . Wholemount immunohistochemistry using the rabbit polyclonal Islet-1/2 antibody was performed as described by Mason (1999) . The isolation of the chicken RPTPg cDNA has been described previously by Ledig et al. (1999) .
